Extratropical Cyclones of the
Western U.S.

Major Advances In Prediction and
Understanding
Cliff Mass, Atmospheric Sciences
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Columbus Day Storm, 1962: The steeple atop historic Campbell Hall, on the Oregon College of Education Campus, Monmouth.



Bottom Line

Before roughly 1990 most West Coast
extratropical cyclones were poorly forecast at
any time range.

After that time, the vast majority were well
predicted.

We now know vastly more about the
structure of these storms.

We know much more about thelr interactions
with West Coast terrain.



The is a lot of talk about the Perfect
Storms and Storms of the Century
along the East Coast

e The truth is that the
strongest West Coast
storms are more intense
and damaging.

e Big trees are major
“force multipliers” for

West Coast midlatitude
cyclones.
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Some Perspective



Native Americans knew about the great
winter storms that struck the Pacific coast

.. and had several legends regarding their
origin.

\\9{
_Ji“zi;\’\l\l\l\lu\‘*j

f‘r}f;-/////@ :-1_3
s= == (@ = | —

The Thunderbird



European explorers appreciated the threat
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John Meares, 1788, off of Cape
Flattery of the Olympics Peninsula

“The force of southerly storms was evident to every eye; large and
extensive woods being laid flat by their power, the branches forming one
long line to the North West, intermingled with the roots of innumerable
trees, which have been torn from their beds and helped to mark the
furious course of their tempests.”



Early settlers
learned quickly
about the iImpacts
of the great Pacific
cyclones




January 9, 1880 Storm

e Hit northern Oregon and southern Washington
toppling tens of thousands of trees.

 \Wind gusts were estimated to reach 138 mph on
the coast and 70-80 mph in the interior.

e Buildings throughout the Willamette Valley,
were damaged or destroyed. Part of the roof of
the Oregon State Capital in Salem was blown

off.




January 29, 1921

e Hurricane-force winds struck the entire
Washington Coast

— At North Head sustained winds reached 126 mph,
with a maximum one-minute wind of 150 mph
before the sensor failed.
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_ At Tatoosh Island, 150 miles to
reached 110 mph.
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In some areas over 40% of the trees were blown down

Olympic National Forest: Elow of 1921
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As a result, this event has become known as the
“The Olympic Blowdown Storm”




But these and other storms were
overshadowed by the Columbus Day
Storm: October 12, 1962

e The strongest Pacific
storm to strike the
NW since the arrival
of European settlers

* Probably the most
powerful non-tropical
cyclone to hit the
lower-48 states in a
century. Maybe more.




Extraordinary Impact

An extensive area, stretching from
northern California to southern British
Columbia experienced hurricane-force
winds, massive treefalls, and power
outages.

Sustained winds reaching 60-70 mph
and gusts over 120 mph.

In Oregon and Washington, 46 died and
317 required hospitalization.

Flooding and landslides in northern
California.

955 hPa low moved northward along the
coast.
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Impacts

e Ten to 15 billion board feet of timber were downed,

enough to build a million homes and far greater than
the yearly output of the NW forest industry.

e 53,000 homes were damaged, thousands of utility
poles were toppled, and the twin 520-ft steel towers
that carried the main power lines of Portland were
crumpled.




The toppled tower carrying 115,000-volt cables at Barlow Point, two miles west of Longview
Bridge on the Columbia River. Bonneville Power Administration photo.



B RSN L U - Ll bl

On the state capitol ground in Salem, Oregon, the bronze status, the
Circuit Rider was toppled



Columbus Day 1962: At Cape Blanco estimated
winds were 150 mph with gusts to 179!
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Mt. Hebo Radar Facility:
Gusts exceeding 130 mph




How good were the Weather
Bureau Predictions for the
Columbus Day Storm?



The Lead Up

e Forecasters in the Portland and Seattle offices of the
Weather Bureau knew there was a fast-moving
disturbance out there.

« But the position and amplitude were uncertain.

 The NWP models of the day were predicting a modest
system making landfall south of Portland.




October 11t Forecast: No
Storm on October 12t"1

Stote Forecoihs

“Western  Washinglon: Pur’rlr":Fnud*;r.-
with o ftew showersy tonight. ond fomor-

; VR RSt
: 1 & R AR A s Snow on the mounfamn poYses.
pere o us. wrarn svuan] | Che Beattle Timen 5 | High fomaorrow, 46 to 54; low fonight,

A2 | |Thursday,, (1 1982~ 15 to 45. — i
i@ 3 o o S B Mounlaln . areas:  Freezing level
- | Wran( 'é B | Ping o about 3,000 or 4.000 feet fonight
A ¢% I'al'lg ‘v e ond . tomorrow. with roin . chonging . to
[ e o) | i i St | 3now gbove 1.000 feel.  Snow fiurries. on
0 StateGapifals | e et o
}'} @ d e:-,: apl d <z | Eostern Washingten: Fain,. beginning
il A "‘“‘j: T :l'l Ig:].ll' iﬂl..!‘TrrllﬁE"; becomin meral by
reia [T Jri o L.l | i : .
2| Stirs AlasKans, |55 onaconsr amtrromwin’ se

R e SN v, T AR TwFr oyt
FORECAST . : ", 1“_‘._ I (Wayne ,fnrbbl,'—ri’fni!l‘l*"ll;ﬂ | Hl-rn.frr:l’j u.:'.:f.rl'n- r;?‘ Ia i ul:ﬂ-*' le -1
Unid — Freday  Marning A‘\__\\‘;' i 1;!”0!}!‘3::: is with @ Hﬁm # 2 L o m # H Iu u.
Figwiss Show Low Temparaturni lopacied - gt e ‘ommerca g0 e .

*—‘“'“p T '—T—— - . e Il’:r:d:"ng the .annual  conventior | Mﬂ"m. Warnings )
~—A. P. wirephoto map. - inf the Alaska Stata’Chamber o) Cecrlm wornings  were hoisted _ an . the

Mallowlnd - waters:
[ Al and——tout el knots. |
S | T- ‘diminishing +m'qh:|l’11'l'ﬂl-_:ﬂ_iﬁ_u- 1
eattle Times Stroft=-northeost windy 15 to 45 imots,
shitting to soulhwest or west ond
I-:IImlr'lr'um:I-|I1|:ll'1--|:|I hﬂtml.l R .
e-gale  warnings  ‘were dlsployed
on. the coost trom Toloesh  to hrirnfrl-u
Hor__southeast _windy 50 _to
iulmlnhmng to M fo 44 tonight and. 23

o M lamorrow,



As Weather Bureau forecasters analyzed the sparse data
over the Pacific for the 5 AM October 12t chart, they

realized that the storm was stronger and the threat to the
West Coast was substantial




Jaw-dropping observations

At 7 AM, the three-hourly reports from a series of
radar picket ships off the coast started to come in.

A ship at 40N, 130 W reported a pressure fall of 22.5
hPa in 3 hours with sustained southeast winds of 50
knots!

Another picket ship had northwest winds at 80 knots
(92 mph), a pressure of 962 hPa, and a pressure fall
of 33 hPain 3 hr.

A Brazilian ship, 60 miles SW
of Cape Blanco, 964 hPa, SE
85 mph

U.S.S Skywatcher —_



Forecasts were updated to predict a more
dangerous storm—hours before it hlt

DRTS FINAL BT

Do Y% E Raim' ad high.whds' oday Ceaed Ford Frik ot 1t
missioner of baseball, to postpone the amhgameddh 3
" World ‘Series in San Francisco. It was ledd for’ g

’enfs ai. Falr—3rd Sec,l,lon . mn;:u)' :stfnink at ].l Inclock. Sennletlme (Detlils.

= ‘Very Dangéfous Wlhds —

"-l'lA \'éfy dangerous” newafternoon. The warnings are| nartheast — was expected |hard. The mounm:n forecast|port, with a plane mslde. was
m?l;T 9";;‘"3 winds up to 75for east winds increasing. to| to be 100 miles off the mouth (was for rain, very heavy atiblown over.
. an hour was moving up s\ co miles an hour and| of the Columbia - Ri hi rrmes tonight, with snow above | High  winds alsn were. re-
the Pacific Coast tnwnrd\b’ach [ hi . b ' il 4,000 feet. Showers of rain -or|ported  in‘ the Brookings area
{&/]ington foday. - shifting to southeast this- eve-| afternoon. snow are. expected tomorrow. |on the Southern’Oregon:codst,
/“| “The Weather Bureau raised|Ning. then to southwest later| “Ship reports near this 5Inrm
* |whole-gale * warnings, - calling tonight: center indicate that it is a  nc first damage reports | .Winds up 10_.50. rmilesdan
. |for " winds up:to 75_miles_an  The Weather Bureau advised|very - dangerous storm,” a| :: :::t S [mweda:ﬁ “:; Eou;okept six: ships. insideithe
" {hour, for "the  Oregon and| hunters not to select campsites|weather Bureau advisory said.| AFL L were jitom and, " |harbor ;at h?stona overn B
“|Washington coasts and the Near snags or trees in exposed| _Rain, heavy at times, is !ore- Ore., where sudden.. gnsts {The  Columbfa 'River lights P_
. |Strait of Juan de Fuca. [places. |cast for Western Washington| Knocked ‘down 20 trees, ¥as blown two miles “".‘“ its
2| Small-craft ‘warnings were| The “main part of the.|for the next 24 hours. Power .in Ashland was nut {normal position. ;
ilraised to gale warnings over| storm—centered in the Pa- | Chinook Pass reported ‘at 2| and roads were blocked. : | (Damage was hea\ry i yu—
“|Puget Sound at 2 a'clock this| cific Ocean. but moving [o'clock that it was snowing) <A hangar at:Ashland’s mr-llenjayg storm. Page 2.)

—"a

Published Dally, and ‘?umtay Ind Entered as qﬂ.‘.l‘!‘ﬁf ST = _

Telephone MAII‘I 2 0300 ; | Cinas Mutter at Seattle, Washington, .Vol, 85, N

Fair Attendance: Yesferday—-32 429; Tol‘al-—8,822 579

{ SECTIONS, 56 PAGES . SEATTLE, WASHIXGTO.\'. FRIDAY, OCTOBER 12, 1962. Price 10c ,

1

1




Could a modern weather
prediction model run at high
resolution get the forecast right?

e Rick Steed, Research Scientist in the UW
Atmospheric Sciences Department, ran

the WRF model with full physics and
high resolution.

e |nitialized the model with the NCEP
reanalysis grids.




The Answer: NoO

Consider a forecast begun the day
before (October 11t) at 5 AM.



NNEP.V3.1892053—-WEF Domain 1 Init: 12 UTC Thu 11 Oct 82
Fegt: 36 h Valid: 00 UTC Sat 13 OQct 62 (17 PDT Fri 12 Oct 62)
Temperature at 925 mb (°C)
Sea Level Pressure (hPa)
¥Wind at 10m (full barb = 10kts)
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NNRP.V3.19903-WRF Domain 1 Init: 12 UTC Thu 11 Oct 62
Fegt: 42 h Valid: 08 UTC Sat 13 Qct 82 (23 PDT Fri 12 Oct 82)
Temperature at 925 mb (°C)
Sea Level Pressure (hPa)
Wind at 10m (full barbh = 10kts)
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The Problem?

e Lack of data and
poor Initializations

o Just a few ship
reports offshore.




Major Cyclone Forecast Busts
Continued Until
Approximately 1990

e ...And then everything changed, almost
overnight

* Nearly every major midlatitude cyclone to hit
the West Coast has been forecast with some
skill up to several days ahead of time.

o Clearly, the advent of more extensive use of
satellite data and better models has had impact.



The First Major Forecasting
Triumph



Inauguration & # 5
Day Storm ¢ .
January 20,
1993




® 1993 Smithsonian Institution

The first major windstorm to be highly skillfully forecast....
But the media and public were not paying attention!



Inauguration Day Storm

 Winds of over 100 mph were observed at
exposed sites In the coastal mountains and
the Cascades, with speeds exceeding 80
mph along the coast and In the interior of
western Washington.

 In Washington State six people died,
approximately 870,000 customers lost
power, 79 homes and 4 apartment buildings
were destroyed, 581 dwellings sustained
major damage.



f 4 %6
AL P d LN T—

s 3 5,
"t
"

Fic. 7. Mesoscale analyses for (a) 1500 UTC, (b) 1600 UTC, (c) 1700 UTC, (d) 1800 UTC,
(e) 1900 UTC, and (f) 2000 UTC 20 January 1993. Contour interval is 2 mb.

Steenburgh and Mass, MWR, 2000



And then another major
storm and a highly skillful
forecast

December 12, 1995



An Excellent Forecast

27KM REAL TIME MM5
18 Hour Forecast Valid 9512 1

Temperature at sigma = 0.985 sm

Sea Level Pressure sm= 2
uuu,vvv Wind Barbs at sigma 0.895 o
140 W o 135 W 130 W 125 W i l?Cl ‘f\' .1 ]._) W

And the medla went wild!

Dec. 11

80-mph gusts
are possible

SEATTLE TIMES STAFF
The windstorm hitting Western
Washington today could rival the
ferocity of a Columbus Day 1962
storm that killed eight people, closed  An unusual
hundreds of roads, and caused wide-  gtorm
spread power outages and millions of
dollars in damage, forecasters say.  eather experts
Gusts of 70 to 80 mph were Ssay several fac-
expected in the Puget Sound area, fors make to-
with the peak of the storm forecast to  day’s low-pres-
hit the Seattle areaabout 5 p.m. High o0 system off
winds are expected to continue into the Washington
the-;-‘ﬁiht]},w_ : , o Coast unusual
pressure system built 2
early today off the Oregon Coast, and are expected
where residents braced for winds as  fo produce ex-
high as 100 mph. tremely high
Along the Washington Coast, winds in the Pu-
emergency crews prepared to deal  gof Sound area
with the possibility of widespread o0y ing
damage. Many schools in Grays Har- A18 5
bor County planned to send students




A different reaction by society

e Based on the forecasts, Boeing and other
major employers sent their staff home early.

 The NWS forecasts had the correct timing--
within hours.

e Seattle and Portland NWS forecasters won a
NWA Award for their predictions.



And another great success: the
December 15, 2006 Chanukah
Eve Storm... and many more




In parallel to work on the east
coast, there was extensive
research to understand
explosive cyclogenesis over the
eastern Pacific



A Case Study of Explosive Cyclogenesis in the Eastern Pacific

RICHARD J. REED AND MARK ID. ALBRIGHT
Department of Atmospheric Sciences, University of Washington, Seattle, WA 98195
(Manuscript received 7 October 1985, in final form 25 April 1986)
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Numerical Simulation of an Explosively Deepening Cyclone in the Eastern Pacific

YnNG-Hwa Kuo
National Center for Aimospheric Research,* Boulder, Colorado

RICHARD J. REED
Department of Atmospheric Sciences, University of Washington, Seartle, Washington
{Manuscript received 15 December 1987, in final form 26 April 1988)
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Field Programs (COAST) and

Modeling During

the 1990s and

_ater Revealed Structures
Similar to the Keyser-Shapiro
Model Off the Pacific Coast

 Strongest winds in the

nent-back trough

e But no evidence of eva
“sting jets”

poratively forced
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Chanukah
Eve
Storm

Dec. 2006
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Strongest Winds With Back-Bent
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The Challenges of Pacific
Cyclones Also Include Their
Interactions with the
Substantial Terrain of the West

Coast

e This became very evident in February 1979
during the Hood Canal Storm.

« \Winds were predicted to reach 40-50 kt, but
locally gusted to 120 mph, destroying a 100-
million dollar bridge.
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Feb. 13, 1979: Winds over 100 kts destroyed the Hood Canal Bridge
Cost to replace: over 100 million dollars
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But why localized 120 knot
winds?



Professor
Richard
Reed
found an
Intense
lee-side
mesolow




Interactions

produce stronger
winds near coastal

Do
cyclone/terrain

?
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And certain locations are favored
for cyclone/terrain wind
enhancement

| ?%' T o Lad','grnilh T5av ey i =

1 4 1 5 I ;j}"%ﬂ f&tJ{#J‘f’;q _._:Th_En'éainLls oh Hns.li até
G s ) \ s
b 0 S plncant S B Y
;:f' = ) .l\YD”T‘:‘n “-J Be”"'h?hdm_;‘g j

P Y

\-,ldguep 7 J) % {,H; ’

| " 1] FhaE

* AF.er,oorle&'. Seclj-o-w::»‘o'ﬂ
o

g oL } s
L S N
= | & J.'x-_.sﬁa;at_nlga_r_l..':akec'_
P B "‘.!ﬂﬂ’-"f o W
1 6 - Vancainjer jsiand. s, 1 Saanichton
-"ry gt O B
s e 7 ! )
S o EeMictoria Mt-Vernon 4
T Moy (o] N
= Sooke i, i 4
J5an Juan |slands |25 v
National Monument  soai Harbor'

Arling
e

F.ver'_et'l
=

)
I‘-“Iu*ulte;c-
Lynnwood
o 3
£ ShorelineH ‘,—f
J-' 1" Redir
[ Seattle |
._BTE'_I_'HC‘EI'TUH -?'_‘5\“‘7
b iRenton
- 1 LYot
| Kent
(N}
W

Tacomap AU
w 2y
A |

shelton
o

—rq"‘“ \
Lakegv’?_nd yPoyall

1 9 e olympia o~ /South il
S
~ b S s Pl s bl




Mesoscale Models

UW MM5—GFS 4km Domain Init: 12 UTC Sun 02 Dec 07
Fest: 24 h Valid: 12 UTC Mon 03 Dec 07 (04 P3T Mon 03 Dec 0F)
10m Wind Speed {knots

High-resolution o
mesoscale models S R A
can get the terrain Al
effects correct much =)
of the time. f




A Lot to Be Proud Of...

e Global models (e.g., GFS, ECMWF) are now
providing excellent guidance (1-3 days out) for
nearly all major cyclones. Often substantial skill 4-

[ days ahead.
* \We now possess an extraordinarily better

understanding of the mesoscale structures of these
storms and how they are modified by West Coast

terrain

e High-resolution models appear capable of skillfully
predicting many terrain/cyclone interactions.



The End
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